The purpose of this project was to complete the development of the laser systems and separator systems needed to investigate the potential for the economical separation of high value isotopes used in medical and industrial applications, then demonstrate this separation capability. The project was to focus on the isotopic purification of lead for use as solder in high-end electronics, and on the isotopic enrichment of thallium for medical applications. Ultimately the goal is to demonstrate the economical and technical viability of the technology for lead and thallium and to develop a more general capability for other possible isotope separation missions. Both lead and thallium are usefulapplications in this context because they require-dye lasers, solid-state lasers, and a frequency doubling capability of some of the lasers. This later capability allows access to the wavelength range 250 to 450 mn, with tunable, high-power and high repetition frequency lasers. Until recently, these wavelengths have been largely inaccessible in combination with these other laser characteristics. In addition, up to two new potential laser-isotope separation applications would be conceptually developed through a process of needs analysis and technical feasibility studies.
Because of an unanticipated reduction in the size of the LDRD pool of funds, it was decided not to fully fund this project. However, enough funds were allocated to allow an orderly closeout of the project activities. Two key technical steps in the laser development were accomplished during the closeout phase, both of which are required for lead and thallium isotope separation. The first accomplishment successfully demonstrated the power scalability of a master-oscillator, power amplifier (MOPA) approach to a highpower Ti-sapphire laser host material. The net result output power produced, after a series of amplification stages, was about 50 W of tunable (red) laser light. In addition, the output power showed no signs of power saturation as the input power was varied. The demonstration verified the design intent of the amplifiers as well as that of the host material. This result is suggestive that greater than 100 W should easily be achievable from this laser architecture. Such powers are likely required for many applications such as efficient frequency doubling of red radiation to obtain blue, or near UV radiation, and for medium to large-scale isotope separation.
The second accomplishment was the successful demonstration of a dye master oscillator that pulse-amplified, at pulse repetition frequencies greater than 10,000 pulses per second, an injected continuous-wave input signal with low-signal gains greater than 500. This is important to potential isotope separation missions (and other applications) that require narrowly-tuned, high pulse repetition frequency dye laser light and would normally be the first step in a dye MOPA chain to achieve the required high average power. As part of this demonstration the low signal gain was measured as a function of pump pulse power and injected signal strength. Both measurements are required in order to specify the requirements for an eventual system that uses such a master oscillator.
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